Cognitive artefacts (CA's) are acknowledged as important for individual cognition (Norman, 1991) , but their function in group work has been largely neglected. Because information is represented symbolically in the CA, there are several possible problem representations. How a representation encodes this information may influence its cognitive processing -this is as important at the group level analysis as it is at the individual.
Examples of how this can occur and suggestions for CA redesign are presented and discussed.
COGNITIVE ARTEFACTS

Defining the cognitive artefact
A cognitive artefact is a tool that is used to aid cognition: Norman (1991) defines it as 'an artificial device designed to maintain, display, or operate upon information in order to serve a representational function ' (p. 17) . Norman (1988) in particular, has made strong claims that cognition can occur both in the head and in the world: we should not see cognition as a purely unsupported activity. Laboratory studies of cognition have long studied people in isolation, yet we evolved in an environment, using the resources that it provided to enable us to process perceived information 1 . Over time, we have adapted our environment to create artefacts that we can use to process information. The latest in a long line of artefacts that allows us to do this is the computer, because it is a very powerful multi-functional device that can be adapted to display and process information in a very structured yet malleable way. To gain an understanding of work, including design, we must therefore account for how the environment, artefacts and cognition interact if we are to describe and aim to aid collaboration.
The real value of a cognitive artefact is that it is an abstracting representation: it contains the relevant information about the world for a particular function that is not in that world. Thus information about the world can be simplified or organised in a way that the world itself cannot. Some representations are better at displaying represented information than others; for example, in many instances, a graph will be much easier to interpret than the same information represented in text (see Tufte, 1983 for many good examples).
To understanding how cognitive artefacts aid work, it is necessary to understand the relationship between the represented and representing worlds (Norman, 1991) . The represented world is the information that we use to support cognition, such as a memory aid or to support a mental computation, and the representing world is the way that we observe that information, such as text on paper, numbers on a calculator, or graphics on a computer screen. However, there are many possible ways to represent information: problems that can be represented in many ways are called isomorphic (Kahney, 1993) and some configurations of the same problem can be solved with less cognitive effort that others (Zhang & Norman, 1994, Bernsen, ESPRIT) . The computer is one mechanism that allows us to represent things in the world in many formats; because it represents information symbolically, rather than in an analogue format, information can be displayed (i.e. representing) in several ways, depending on the hardware/software configurations available. The problem that we face as designers of computerised artefacts is to discover which representing configurations are better than others for certain types of work (or forms of problem solving), why this is so, and how to develop computer systems that take advantage of this to support work and improve the process of design. How we achieve this will require a deeper understanding of the nature of cognitive artefacts than we have at present.
When examining problems from a task based perspective (such as 'design'), the system view leaves out several features present in a real life setting: we use a great number of resources in work, both artefacts and other human agents. To solve a problem, these components must be organised effectively, so as to contribute real benefits to the task and the goals. Whilst the system view acknowledges that cognition can be distributed across people and technology, it neglects the co-ordination and control issues that feature in the real world, multi-agent, multi-artefact situation. We suggest that another view is used to describe this situation: the group view, seen as a sub-component of the system view.
The group view of artefact use needs to represent all of the features that are present in the system: people, artefacts and most importantly, the means of organising these into a useful unit. These organisational features are inherently social and cultural. We therefore have a cognitive system 2 that is being mediated through the expression of non-cognitive features. This approximates closely to Hutchin's theory of socially distributed cognition (1995) . Socially distributed cognition describes activity in the way that cognition has traditionally been described -computation realised through the creation, transformation and propagation of representational states. Nardi and Miller (1991) describe shared cognitive artefacts in a similar way: they describe a shared CA as providing a point of contact, mediating co-operative work, using the case of a spreadsheet as an example of such a mechanism. They propose that the visual clarity of the spreadsheet exposes the structure and content of the individual user models (of the work) and encourages sharing of domain knowledge amongst different user groups with different levels of expertise.
Accepting that social and cultural features are present in the cognitive system that makes up group behaviour is important in our approach to constructing design systems. Designers have only recently begun to consider the social, organisational and other cultural features that an examination of a real word situation makes clear (Bentley et al, 1992; Heath & Luff, 1991; Robinson, 1991) , but often these results come from the CSCW (computer supported co-operative work) literature and many of which are ethnomethodologically informed in nature (e.g. Suchman, 1987 ) and descriptive and not prescriptive in their ends. Few design systems do more than enhance the capabilities of an individual user, placing the emphasis on the personal view, ignoring many aspects of the system view, and significantly, making no (deliberate) concessions to the group view. This is, however, unsurprising: it is both hard to understand the social and organisational features in design, and even harder to design systems that can use this understanding.
What is design?
Definition: Simon (1981) defines design as concerned with how things ought to be, with devising artefacts to attain goals, and designers, as those 'who devise courses of action aimed at changing existing situations into preferred ones'. The final goal of the design process, he continues, is to create an artefact that is the specification of another artefact to solve the problem with a high degree of confidence (citing Eastman, 1981) that sets the initial conditions that the designers leave to their successors. Effectively, design involves determining that a problem exists (although it may be unclear at an early stage) and having a set of possible resources available to solve it (these may include, capital, time, intellect and physical materials, some of which may be interchangeable). The design process matches the resources to the problem, so that the problem ceases to exist. In most circumstances there are multiple ways that this mapping can occur -choosing between these is often a matter of compromisebecause there is no 'right' answer, just good and bad ones.
Crucially, any 'efforts to solve a problem must be preceded by efforts to understand it' (Simon, 1981) and this may well be the most difficult part of the design process, because many problems are hard to pin down: a problem is known to exist but there are many possible, or even multiple, causes of it. Deciding which are the significant features may be as hard as providing the technical solution. This demonstrates that design is a subset and even a synonym for problem solving.
In this paper I hope to both broaden the definition of design and, at the same time, limit it. Studies of design have largely taken it to be a purely cognitive activity (with a few exceptions -such as Branki et al, 1993 , Bucciarelli, 1988 , drawing from the traditional artificial intelligence view of it (Simon, 1973 (Simon, , 1981 Goel & Pirolli, 1992 ) -I do not want to limit it thus: It is important to understand design in context, and, rather than looking to theory to solve problems, I feel that a practice led examination is in order (that is, performance rather than competence based). At the same time as broadening its range of application, I hope to limit the range of things to which design is applied. For the sake of advancing the state of HCI tools, I will limit the scope of enquiry to those activities traditionally seen as design behaviour: creating 'things'.
One of the features of design is that it occurs on a representation (either mental or external) and not on the object of design itself. Working on an external representation (a cognitive artefact), such as a calculator, CAD/CAM software, a database or a simple pencil and paper diagram, allows more flexibility than working with the details in someone's head: resources can be brought to bear on the problem that are not dependant on the cognitive structures present in an individual's mind. These will be examined in more detail later in the paper.
To date, most tools to aid design have traditionally focused on aiding the individual by facilitating his or her individual, cognitive capabilities, but these tools fail to deal with the problems attendant to multi-participant design.
Multi participant design
As well as being an individual cognitive problem, group design is also the building of a problem space collaboratively -discovering what the collective problems are as well as solving them collectively. Design is a socially mediated activity (Bucciarelli, 1988; Branki et al, 1993; Harrison et al, 1990) , with many participants having an input into the process. Many stakeholder groups may be involved: managers, financiers, engineers, users, etc., even in complex design areas, so that whilst they may not be involved in the mechanics of formulating a solution, they place constraints on how this solution is to be reached -a part of the design process.
Design can be classified as encompassing all of the features that the 'design activity' throws up. Design, in the real world, is not simply a particular type of cognitive activity, but is also a form of work, situated within a social and organisational context. Like all work, design is essentially social, with goals held by many people and the work carried out in combination with each other. Harrison et al claim that 'the purpose of social activity is maintaining a shared understanding' and that focusing on design as communication and not as a creative process has 'profound effects on how we view it and hope to improve it' -this idea is central to the paper. The stakeholders in design all have different interests and these must be reconciled: this is design as negotiation (Harrison et al, 1990) . The communication itself is mediated through the transfer of representations and focusing on these representations, or artefacts, that the communications are embodied in should therefore prove a worthwhile research pursuit.
The problems that people may face in collaborative design therefore include:
• Reaching a shared understanding of the problem that they can discuss.
• Reaching a shared understanding of the proposed solutions that they can agree upon.
When the people who are involved in design communicate with one another, they do not always do so at once, or even at the same time. Communication may be one to one, one to several or one to all, and it may be synchronous, partly asynchronous, or totally asynchronous. The communications they use may take many forms, via speech, non verbal communication, texts, drawings, photographs etc., or a combination of these. One feature of these communications is that they are hard to track and keep aware of, both for the participants as well as researchers studying them. Analysis of collaborative design is not a simple matter.
Redesigning CA's for design activities
The 'process' of design has been largely ignored by tool developers -design aids, such as CAD (computer aided design) and computer aided architecture tools are individual user aids, not collaborative artefacts and their communicative aspect has been ignored. Process is central to all design activity: designs do not suddenly leap from the mind to the drawing board -they are discussed, made into representations, discussed again, compared to alternatives, tested and so on. This process is iterative and to focus all the effort onto supporting the individual at a snapshot in time means that many problems in design are not being addressed.
The idea of design as a process appears to gradually being understood. One of the examples that demonstrates the importance of co-ordinating design activity is that of concurrent engineering (CE). CE is one way that people are using IT to produce better designs in the field of engineering (Easterbrook et al, 1994; Prasad et al, 1993) . The aim is to integrate all parts of the design and engineering process so that the design develops smoothly with decisions based on the best and most up to date information that is available on the project. This recognition of informational importance in design is clear evidence that design is perceived as a collaborative process by its participants and that present technology in the form of cognitive artefacts is inadequate because it is based in the 'lone designer' paradigm.
However to make any suggestions about supporting the collaborative needs of designers and the processes of design, we need to learn more about design activities as they occur in reality.
STUDYING COGNITIVE ARTEFACTS IN USE
The study that I am undertaking is long term and observationally based. As a consequence, the results that I am presenting are preliminary, but I hope that they will demonstrate some of the features that developers of collaborative designer systems might make use of. Whilst the domains that have been studied are limited in their scope, I hope to draw generalisations that are applicable to other areas. This contrasts with many of the other ethnomethodologically informed studies describing work, and focuses specifically on the representational status of the cognitive artefacts used.
Initial study
Data was collected on two design projects, involving interviews and demonstrations of the work undergone. Both were in the area of designing large manufacturing systems, using a simulation model (SM) as a design representation. The interviews were with the simulation analyst, because they were the people who created the representations and acted as de facto facilitators between the separate design groups.
The most important feature of these interviews was that the representations (SM's) were not just used for what they were explicitly designed for: they were apparently being used for communicating the understandings about the design between people. Interviewees talked about using the visual representation, saying things like "a picture's worth a thousand words" and that it was easier "to focus around a common shared vision". Information sharing was deemed to be extremely important and the visual and interactive models were perceived to have much more importance than simple 'black box' simulations that took numbers as input and output other numbers, so hiding causal relationships. Black box models were said to diminish user involvement, trust in the findings and understanding of them. The idea of the design representation as an overview (as in Robinson, 1991) was revealed in a cartoon that the analysts used in their presentations: it depicted a group of people, all differently clothed and clutching different artefacts -to demonstrate their diverse occupations (such as filofaxes, hammers, calculators and lab notebooks) clustered around the a computer running an SM and matching their mental models of the process (visible as 'speech bubbles') against it. So, the model appeared to be used as a graphical demonstration of the hypothetical system, accessible to non-experts (such as financiers, asset managers, scientists, operators and users) and acting as a 'binding' representation, or 'common ground', accessed at various levels of explanation by people with different skills and needs.
During the interview at one of the sites, telephone calls were being answered and the process of communication about the design was underway, so that the interviewer was party to the interaction. It was interesting to note that communications were artefact centred: both participants had a copy of the SM visible on their PCs (although codistributed) and when speaking about a part of the design, they referred to the physical properties of the representation, such as "...to the right of the big channel..." and "...scroll down and look at the graph...". Communications were thus both about and grounded in the design artefact.
These interviews demonstrated that in the process of design, the artefact was central to the communication between designers. It also demonstrated that the processes involved in design included cognitive -in planning and idea generation, social -in communication of the design ideas, and cultural dimensions -the organisation of the design groups and the distribution of their labour. At the same time as these human centred activities, the simulation model was seen explicitly as a means of quantifying information: it was a tool for generating statistical outputs. Any redesign of the artefact that focused on developing the simulation as primarily a communication tool to the detriment of its explicit function would therefore seem likely to fail.
Main study -designing construction
Methods
The core study that I am undertaking is influenced by the naturalistic examination of people at work that is typical of the CSCW studies mentioned throughout this paper. It is only through looking at human activity that we can understand what it is that people do when they work. There have been many criticisms of the task analyses that determine the task to be done and then the task that the abstract worker would need to do to complete it. Such studies ignore many of the cognitive limitations and strategies that people use in real work conditions -situational factors that form the organisational context of that work. In collaborative work, the increased complexity of the task means that there are a number of possible ways to complete a task and that there are many strategies that may be used to do so. Observation of the workplace and study of the method or methods that people use to do work is the only faithful way to understand real, situated patterns of behaviour.
An ethnographic approach was chosen because it allows an understanding of features of work that are not apparent from a more cursory examination of work practicebeen defined as he work that they do in clear terms, it is not always true that they actually perform it in that way (Brown & Dugald, 1990) . Also, no single user will be able to describe all of the processes that go on in design because of the distributed nature of the activity. People are not generally aware of the activities that do not intrude on their own work areas, so that the task as a whole cannot be viewed from a single user perspective, only from a group perspective. Through an observation of the work, and the communication that links agents involved in that work, a more realistic picture of the design process can be built up.
Analysis of the ethnographic data will be multidisciplinary, drawing from cognitive theory, but also borrowing from anthropology and sociology. This is important, because it will influence the data collection: we are interested in studying the role of artefacts, and collaboration around these artefacts, so these will be central to the work descriptions. Observations will therefore centre around the types of artefacts that are used or created, how they are used, who they are used by, how changes are made to them, and how the organisational structure allows access to the artefacts.
Site of study: road construction
The construction industry was selected as a locus of study within which to understand collaborative design activities. The industry was chosen partly because of its lack of technological infiltration and because it retained its 'original' organisational strategy 3 : manager were keen to understand any organisational changes that they had been making and might need to make to keep ahead of their competitors, thus making the presence of a researcher more acceptable to them.
FINDINGS
Communication was seen to be a major issue, and was understood by them to be a central problem for the organisation. The nature of the work is that teams collaborate together to build sections of road, and collaborate within these teams to organise individual activities. Many mechanisms of communication were found to exist to allow these collaborations -direct and indirect; synchronous and asynchronous; verbal, non-verbal, textual and graphical.
The focus of the study will concentrate on intra-team collaboration -how team members work and design together. The task that the teams do is not simple 'design' -teams already have designs in the form of 'drawings'; their design task is turning these drawings into physical constructions.
Teams are made up of several group members: team leader engineer(s) quantity surveyor(s) foreman/men ganger(s)
All of these must work together for the group to function as a unit. All have specialised skills and tasks to perform -this is the principle of the division of labour. The problem that the group faces is that all of these different people will have different understandings of the work, due to the different skills that they have, as well as their different personal understandings of the problem.
Communication appears to occur through representations: team members talk around drawings, plans, maps, sketches and time schedules. These are the design representations of construction. This is such a feature of the process of communication that the drawings become extremely worn through over handling. Drawings are transformed into simpler sketches, which are further discussed and disseminated, finally turned into words by the engineers to the gangers, who run the teams on the site.
The cognitive process that is occurring is the transformation of plans into action sequences -distributed over a group and mediated through graphical representations. The main communication mechanism is therefore the use of external, graphical, cognitive artefacts, augmented with talk and text.
Many CA's are used: drawings/ (technical plans) sketches time-plans/ schedules calculations maps Most of these are paper based -due to the low adoption of computers and technological aids to the design process.
A number of pertinent features were picked out and explored in more depth:
There is common access to most representations: they are pinned to walls, loosely racked up in offices, and comments on artefacts are forwarded to the document control archive and accessible on request.
Most representations are created individually as a problem solving task, that is, to design a mechanism to fulfil an action requirement. But, whilst they are created by individuals, these representations are used by other groups and individuals as a means of transforming plans into constructions. So, the plans are not explicit communications -but communication is possible because there is a commonly interpretable representational form: the drawings match closely onto their intended construction. Where this is not the case, the education and training that people have undergone, such as in the engineering profession, allows codified information to be interpreted. Thus a 'language' exists that allows the represented material to be transformed into knowledge and understanding.
Feature 2
Artefacts are transformed according to use: the original project specification is made up of drawings, which are complimented by a time schedule to set deadlines for these, as text. This schedule is extremely complex, looking much like computer program, and specifies exactly what is to be built, when. Most people would not only find this hard to understand, but also hard to find information in, because of its poor organisation. As a consequence, work is done on the schedule, to change the representational format, so that it more appropriate to the workplace. An engineer changes the schedule into a graphical representation -simpler to understand, because it matches the feature (from the drawings) to the time schedule, as a 'time graph'/diary format.
Later, this is transformed by individual teams into more specific instructions for the individuals who will go on to construct the plans. Note that there is a propagation of representation that causes filtering of information, and forcing organisation onto the problem.
Feature 3
Work on drawings and sketches causes the externalisation of an individuals' internal cognitive processes so that they are available to the other group members. By working on plans, the individual expresses their individually held ideas into the world, where they become open to discussion and development within a social setting.
Thus, the creation of external representations opens up internal cognition and the rationale behind individual actions and plans to the other people that these plans and activities may affect.
Feature 4
Representations (implemented in CA's) are rarely thought of as communication mechanisms whilst they are being created. But, they are used to organise and propagate information from a highly encoded form into easily comprehensible terms. This means that representations can be used as overviews (for those who can interpret them), and discussed as to how they can become constructions.
Note that the organisational structure of the company determines access and permission to modify certain representations, so that the overviews are propagated to the people who require them, and not made available to those who are thought not to need them. This can be useful in placing the optimal amount of data in the world of those who require it, and relieving the information load on people who do not need it, or cannot make use of it.
REPRESENTATION AND DESIGN
Representations to support design
As designers of cognitive artefacts, we must consider the social and organisational consequences of the representational media. We therefore need to examine the design process more closely with the aim of providing support for it. The features that require support in the collaborative design paradigm appear to fall into two domains:
• Supporting the creativity of designers by providing prostheses for the limitations of their individual cognitive resources, and, • Supporting designers' decision making by enhancing communication between them
In order to aid the designers in their work, both of these approaches must be considered.
Present uses of representation in design
At present, we have technologies that do support creativity and communication. Some computerised artefacts enhance the processing power available to single users. Examples of these include CAD/CAM systems to support creativity by making computational resources available that allow representational manipulations either impossible for a normal unaided human mind to compute, or within a limited timescale. Another example is that of the simulation that allows mathematical calculations to be performed for systems that would take humans many years to conduct within a few seconds. Expert systems are also used for domains that may require knowledge to be used when there is no expert available or when an exhaustive search or review of possible outcomes is required for decision making.
Others artefacts have been developed to support group work, such as email and GDSS (group decision support systems) technologies. Sometimes these have been specifically constructed with the user as designer in mind, such as gIBIS (Conklin, 1988) : this has been angled to aid the design process itself but neglects the nature of the representational status of design. gIBIS aids negotiation and planning, yet ignores that the planning is actually about another artefact, be it a simulation, an architects draft, or CAD/CAM design.
There are few artefacts that deliberately aid design activities both by facilitating the communication about the design: there is communication and there is the design -the idea that the communication is rooted in and about the design, is not explicitly supported in many products (SPIDER is one project that does deal with this, but it is limited to a single domain and largely academic). Note that this is explicit supportthere is much data illustrating how people (and designers) use the artefacts in their environments as representations in the communication of knowledge and information about those representations. The representation available in the CA can be an effective means of passing information between stakeholders. We need to design to take advantage of this mechanism: socio-cognitive engineering.
What is the role of representations in design?
As stated earlier, all design ideas reside as representations, either held mentally or as external representations, in artefacts. Communicating these ideas amongst diverse groups of designers can be problematic (Perry & Thomas, 1995) , and this is often due to the fact that the representations used may not be appropriate or adequate in conveying the information that is necessary to inform the recipient of the intended message. A consequence of such communication difficulties is that there will be multiple problem understandings, even after discussion 4 of the design requirements.
What will be required to allow informed discussion and negotiation about a problem is a single, unified understanding; but how can these multiple understandings be resolved into a single understanding? The answer lies in the representation -or representations -used. Representations that are able to be understood by agents that do not share specialist knowledge to interpret them are required to perform this function. Models are one method that have long been used to convey this knowledge. One of the most well known models, the hydro-economic model used by Phillips (the Phillips economic computer: Swade 1995) is a good example of such a representation: an analogue model of the economy, modelled by hydraulic processes, used to demonstrate an economic system. An analogue model was used in preference to a digital computer model, because it made relationships clear to observers in a way that was much harder to do with the computers of the time, even though it was less accurate. Computers now allow us to represent information much more informatively than this, but few appear to have followed this path.
Good models map well onto peoples' understandings of problems: in simulation models for example, dynamic, visually recognisable entities interact with each other, so that the causal nature of their effects can be observed. CAD programs offer a similar experience where components link to each other in a visualisable framework.
All the components of a problem representation are able to be viewed in context and map well onto their eventual implementations. Non-specialists can therefore understand how their design features interact with the design as a whole, in a comprehensible, simple, yet informative framework.
CONCLUSIONS AND IMPLICATIONS FOR DESIGN
Effective communication and co-ordination
In today's information rich society, information about the world is no longer a scarce resource (Simon, 1981) . What we have is a deluge of information -far too much for any one person to understand. What we require is a means of filtering this information, focusing our attention on the relevant parts of the world, yet without ordering this representation so as to blind us to useful information. Thus what we require for design is not to open up all the information generated to inspection by all the participants, but to selectively gear the information to the requirements and abilities of the recipient. Increasing communication does not by itself increase understanding, but providing effective information can.
The representation provided by the information artefact allows us to inform those designers to whom the information is relevant with that information that they require. As they are able to act on that information, it will be processed and propagated along the system to where other people will be able to deal with it. The representation will be operated upon and passed from designer to designer, in effect co-ordinating their activities. This can occur because the internal mental states of the designer are made explicit in the external, visible state of the artefact, accessible through a common and relatively formal language This process allows the designers to co-ordinate their behaviour around the artefact.
How can we use better representations?
6.2.1 -easy to interpret: visual formalisms Nardi and Zarmer (1993) propose that we should be building a formal language of visual features that will make up a 'language', with a well defined semantics that will be useful in defining the interface [to the CA]. They use the example of the spreadsheet as a visual formalism, shaping the representation of the problem, through the organisation of data into rows and columns: a structured, tabular framework that is simple to interpret when the 'language' it uses is understood. Visual format is all important to the design process, and we should be building tools that allow us to represent data in ways that reorganise that information into a representation that reduces our need for problem solving. The side benefit of creating a formal language of representations is that these representations are therefore commonly understoodusers can begin to share mental models and experience intersubjectivity.
-understanding of social and cultural formalisms
All communication occurs within a context that includes social and cultural components. Any understanding of collaborative design must take these into account, because they are part of the context that collaborative interaction occurs within. Thus we need to understand the people, their roles and their relationships with one another who are involved in the design work. Understanding this diversity demonstrates the need for representations that are able to be shared, and not to exclude members from understanding the developing representation that is the design.
-good mapping to reality
We need to use a representation that not only represents features of the design, but appears to represent features of design. It is of little use in trying to have a group of people in a meeting using numbers to describe a problem that they are having with a design, if not all of the people in the room understand what the numbers represent. A visual model of the problem, that appears to function in the way that the artefact will function, is one way that designs can be interpreted because they can be interpreted in context as well as providing a physical form that can be pointed to or gestured at.
-reducing ambiguity
The representational form of information determines the interpretation of it's content. Ambiguous representations may therefore not be interpreted correctly or as quickly. Complex information can be rendered comprehensible if it is encoded in an unambiguous framework; e.g. a spreadsheet has a poor display function (because there are many ways to interpret how cells, columns and rows relate to one another), compared to a graph, because there are less possibilities for misinterpretation. This is true at an individual and a group level -because there are less possibilities for misunderstanding discussions about the represented information.
One way to do this is to produce representations that map closely and intuitively onto the desired design object and not like the 'black box' representations that obscure mappings between features in the representation and reality. Abstractions from reality should therefore be avoided where possible; if not, then they need to be well documented and informative to users.
-constraints & forcing functions
Constraint on interpretation is one of the benefits of using a visually based representation: in the example of roadbuilding, roads cannot pass through hills. This is easy to see on a drawing, but much harder to discover from grid references or height differentials; 'a picture is worth a thousand words' in these cases. With so much information going onto databases, captured in numeric form, this feature may be lost through computerisation. Limiting the possibilities open to listeners means their computational load is lessened and communication can be more fluid with less interruption for explanation. With understanding of design structure can come negotiation of process: collaborative problem solving.
6.2.6 -providing support for grounding as a common artefact Double level language (Robinson, 1993 ) is a mixture of implicit communication (the structure of the representation) and natural language: the two can combine to form a rich medium of communication. Meaning in conversation is established through reference to the artefact -this is possible because it is 'open' (Hutchins, 1995) and visible and understood by all using it. This facilitates negotiation about the form of the design: negotiation is best expressed through language, whilst the form itself is best represented visually, both being combined into a single communicative event.
Grounding conversation (Clark & Schaeffer, 1989) can also occur as misunderstandings and 'breakdowns' can be noticed more easily and rectified earlier, before they are discovered later in the design: a harder and more expensive stage process.
6.2.6 -providing a design rationale Simon (1981) claimed that 'through making a representation of design, we are making explicit our reasoning about design' and that the computer was one means of forcing us to be more formal in how we represent this material. However, the computer is not good at recording the process through which a design was reached: it tends to overwrite files so that design as a dynamic process is ignored and only a snapshot in time (the present) is available. The representation of the design is also altered by one (expert) user of the artefact and this loses information about who demanded changes or queried the representation. This is unlike paper, in that paper cannot be easily overwritten and different people add their marks (changes, comments, etc.) to it in different ways, noticeable by handwriting or pen colour.
In construction, the design representation undergoes many changes in the process of construction, through a series of sketches, annotations and redrawings, along with documents or letters explaining these. These provide a record of why and what changes have occurred throughout the lifetime of the design representation. This is possible because documents are paper based and it is hard to overwrite these. Because changes are more easily recognisable, it is possible to track the history of a document or artefact and possible to understand the reasons for decisions taken. Additionally, different people leave unique marks, so that the people who made the changes can be identified and queried. This may not even be necessary: for e.g. if the person who made a change is recognised as a safety officer, this will add context to the interpretation of who had made a change to the design -with this knowledge, the change may be understood.
-providing an organisational memory
Design artefacts can be read by many people and accessed over time, and they retain information so that group structure can change yet not lose focus, direction or design knowledge. This is possible because of several features noted above: internal thoughts are made external, design rationale is largely explicit and an overview is available to newcomers. Thus the CA's can make design independent of its creators.
6.3
Looking to the future CA's are often used individually, but accessed collectively, similar to the common artefacts described by Robinson (1993) : he sees the keyrack in a hotel as a common artefact -used to hang keys on, but having informational functions above and beyond this -they inform staff as to whether people are in the hotel or not, and act as memory aids to pass on messages to residents, by placing letters in the pigeon holes, so that when the key is collected, the message can be passed on. The design documents in the construction study appear to be taking on this function: they have a communicative (or group cognitive) function as well as an individual cognitive function.
Increasing communication isn't necessarily effective in collaborative design. Organisation and co-ordination of the design process is vital, and it is the design artefact that provides this structure, in bringing together the people and the information that these people need in their work.
What designers appear to require therefore is design tools that give representations aiding the whole task, not a part of it, which asks the question 'What is the task?'. We therefore need to understand how design occurs -more studies of real design situations are required to answer this. These studies must include the cognitive, social and cultural accounts of the design process; if not, they will be neglecting major components of the design activity. Studies should be used not only in requirements capture, but also in determining what to leave in the system: features such as visual overviews or personal marking methods.
In conclusion, cognitive artefacts can support organisational processes as well as cognitive ones; cognitive artefacts for distributed cognition can support group work through the propagation of a representation through a distributed cognitive system. Design involves far more than individual cognitive processes: group processes are a major component of design and these cannot be ignored in providing support for designers. Designers of cognitive artefacts must not think of their tools being used in isolation: they are used in combination with other tools and other people. The addition of such tools could also change the structure and organisation of groups, as well as the information that they are processing -they need to know how any changes that they make could impact on this situation.
